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. The size distribution and morphology of naked GNPs. absorption spectrum, DLS and TEM of GNPs system were firstly characterized to verify the preparation of GNPs system by using VARIOSKAN FLASH microplate reader (THERMO SCIENTIFIC), UV-vis (Purkinje General), DLS (Malvern Zetasizer Nano ZS) and TEM (JEM-2100F). Meanwhile, the in vitro stability of GNPs system was investigated by using the UV-vis and DLS at predetermined time point of 0, 0.5, 1, 2, 6, 12, 24 h. Afterwards, to determine the pH induced aggregation of GNPs system, the UV-vis spectrum, size and morphology of GNPs system at pH 6.5 was measured by UV-vis, DLS and TEM. To further confirm the charge reverse of DA grafted peptide, the zeta potential of GNPs, GNPs-A, GNPs-B and GNPs system at pH 7.4 and pH 6.5 were monitored by DLS (Malvern Zetasizer Nano ZS), respectively. Meanwhile, in order to investigate the stability of GNPs agggregates in neutral pH, the UV-vis spectrum of GNPs aggregates formed in pH 6.5 was also recorded after adjusting back to pH 7.4 value. At last, in order to illustrate the specificity of GNPs system, the size and UV-vis spectrum of single GNPs-A and GNPs-B were detected at pH 7.4, pH 6.5, pH 5.5, respectively.
In Vitro Evaluation of Cellular Uptake.
Cell culture. MCF-7 cells were cultured by Dulbecco's modified Eagle's medium (DMEM) plus 10 % fetal bovine serum (FBS), streptomycin (0.1 mg/mL), and penicillin (100 U/mL) at Confocal image. Firstly, we used a fluorescence labeled GNPs system to investigate the cellular uptake behavior via confocal microscopy. 0.05 mg of FITC-PEG 1000 -SH was modified with GNPs system (10 mL) according to the preparation of GNPs system. Secondly, MCF-7 cells were seeded in the confocal culture dish with a density of 10 5 cells in each dish and cultured for 24 h at 37 °C in a humidified incubator with 5% CO 2 . Then the cell culture medium was replaced by GNPs system (50 g/mL) and incubated with cells for 4 h, and the individual GNPs-A and GNPs-B as the control. After 4 h incubation, the cells were fixed by 4% paraformaldehyde for 30 min. After rinsing with PBS, the cells were stained with DAPI for 15min. The cells were infiltrated in the PBS solution and imaged by confocal microscope (Zeiss, LSM710).
Flow cytometer analyses.
Cells were seeded into 6-well plates with a density of 2×10 5 /well and incubated for 24 h at 37 °C in a humidified incubator with 5% CO 2 . Cells were further incubated with GNPs-A, GNPs-B, GNPs-system (50 g/ml) for 4 h, which PBS was used as the blank control. After washing three times with cold PBS, cells were collected for quantitative detected by flow cytometer on a FACS Calibur (BD, Accuri C6).
Quantitative determination by ICP-AES. MCF-7 cells were seeded in 6-well plates about 2×10 5 per well and incubated for 24 h. Then cell culture medium was replaced by various of GNPs formulations (single GNPs-A and GNPs-B, GNPs-system) in DMEM (10 g/mL, 20 g/mL, 50 g/mL) to the plate and incubated for 12 h. Meanwhile, cells were incubated with
GNPs-A, GNPs-B, GNPs-system (50 g/mL) for a series of predetermined time ( In Vitro Sensitization Efficiency Study.
Colony formation assay. MCF-7 cells were cultured in 6-well plates at a density of 10 3 per well for 24 h, the cell culture medium was replaced by GNPs-A, GNPs-B, GNPs-system (20 g/mL) and incubated for another 24 h. After washing the excessive GNPs by cold PBS, the cells were irradiated at 0 Gy, 2 Gy, 4 Gy, 6 Gy by using a gamma radiation of 137 Cs (photon energy 662 keV) with an activity of 3600 Ci. The cells were incubated for 7 days and then stained with 0.25 % crystal violet. The colonies with more than 50 cells were counted to calculate the surviving fraction, and the radio-enhancing effect was assessed by calculating Sensitizer Enhancement Ratio (SER) according to previous report, [1] that is, a 10 % survival fraction was set to obtain the required dose of different agents. To further verify the dose dependant radiosensitive efficiency of GNPs system, different concentration (0 g/mL, 10 g/mL, 20 g/mL, 50 g/mL, 100 g/mL) of GNPs system was cultured with cells, respectively, and the individual GNPs-A and GNPs-B were used as the control groups.
Whereafter, we calculated the SER10 value of GNPs system at the concentration of 20 g/mL, 50 g/mL, 100 g/mL by using the colony formation assay under a 2 Gy, 4 Gy, 6 Gy irradiation with a gamma ray.
DNA breakage detection. For -H2AX immunofluorescence analysis, MCF-7 cells were
seeded in confocal cell culture dish and incubated with various of GNPs in DMEM (50 g/mL)
for 12 h. After excessive GNPs were washed by cold PBS, the cells were irradiated with gamma rays under 4 Gy. After additional culturing for 1 h, the cells were fixed by 4%
paraformaldehyde for 30 min. The protocol of immunofluorescence analysis referenced the published studies. [2] After being stained with DAPI for 15 min, cells were observed and imaged by using fluorescence microscope. Secondly, for comet assay detection, MCF-7 cells were seeded in 6-well plates with a density of 2×10 5 and incubated with GNPs at a concentration of 50 g/mL for 24 h. The cells were irradiated with gamma rays at dose of 4
Gy after being removed the excessive GNPs. Then the cells were collected, and the DNA breakage was detected by using a single cell gel electrophoresis. The microscope slides were for 24 h. After excessive nanoparticles removed by cold PBS washing, the cells were irradiated at 0 Gy or 4 Gy. After 24 h incubation, the cells were collected, washed with PBS and fixed with pre-cooled 70% ethanol solution and stored at 4 . Prior to staining, the ethanol solution was removed and the cells were washed with PBS, cells were incubated with 100 µL of RNase A at 37 °C for 30 min. Then 500 µL of 50 µg/mL Propidium iodide (PI) was added and the mixture was incubated at 37 °C for 10 min. Finally, the cell cycle was analyzed with a flow cytometer in FL-2 channel (Ex/Em = 488 nm/630 nm).
Cell Apoptosis Analysis. We compared the apoptosis-inducing capabilities of single GNPs and GNPs system after 4 Gy irradiation by using the Annexin V-FITC/PI apoptosis detection kit. Firstly, MCF-7 cells (10 6 cells) of control group, RT only group, GNPs-A+RT group, GNPs-B+RT group and GNPs system+RT group were trypsinized and re-suspended in 500 µL of binding buffer. Secondly, 5 µL of Annexin V-FITC (20 µg/mL) and 5 µL of PI (50 µg/mL) were contiguously added into the above buffers and then incubated for another 15 min at room temperature in dark. Finally, cell apoptosis in each group were analyzed by flow cytometry .
In vivo evaluation of GNPs system. Given the polyethylene glycol (PEG2000) is approved by FDA and could be used as a golden standard in pharmaceutics, [3] so the PEG2000 conjugated GNPs (GNPs-PEG2000) was used as the control. BALB/c mice (20 g) were divided into two groups of GNPs system and GNPs-PEG2000, and each group had eight animals. Mice were intravenously injected with GNPs system and GNPs-PEG2000 at a dose of 60 mg/kg, respectively. Blood samples were collected at a different time points (0.25, 0.5, 1, 2, 4, 8, 12, 24 h ). And after 24 h injection, the main tissues including liver, kidney, spleen, heart, and lung were dissected, the Au concentration in blood and different tissues were quantitative measured by ICP-AES. Meanwhile, the in vivo toxicity of GNPs system after being injected 24 h was analyzed by using the hematology, blood biochemistry analysis and histology. Briefly, the whole blood samples were collected from eyes after 24 h injection, 70
L of blood sample was collected into heparinized tube for hematological analysis with automatic blood analyzer (Celltace, Japan). 400 L of blood samples were centrifuged at 4000 rpm for 5 min and serum was harvested for biochemical analysis via automatic biochemical analyzer (Vitalab, Holland). Lastly, the liver, spleen and kidney was harvest and fixed in 4 % neutral buffered formalin for 24 h, and the Haematoxylin & Eosin (H&E) assays were performed according to the standard protocols.
[4]
Tumor retention of GNPs system. MCF-7 cells (10 6 ) in 0.2 mL of PBS were injected subcutaneously into the right rear flank area of BALB/c nude mice (20 g). When the tumor size reached to ~100 mm 3 , GNPs system and GNPs-PEG2000 were injected via the tail vein at a GNPs dose of 60 mg/kg. Tumors were collected for measuring their Au concentration by ICP-AES and observing the GNPs retention within the tumor by using TEM analysis at 24, 48
and 72 h post injection. For ICP-AES measurement, the main tissues and tumors were washed with PBS buffer and lyophilized for 24 h, and blood can be lyophilized directly. The dried samples were mashed and dissolved in aqua regia (2 mL for liver and 1 mL for all others) for of biological samples was quantitative detected by ICP-AES. For TEM observation of GNPs within tumors, Tumors were fixed in 2.5 % glutaraldehyde (in 0.1 M phosphate buffer, pH 7.0), and then fixed with 1% perosmic oxide for 2 h at 4 °C. After being washed by water, the samples were dehydrated in an alcohol series, embedded, and sliced with a thickness of 50 to 70 nm, and lastly observed by TEM.
[5]
Photoacoustic Imaging of GNPs system. Various concentration of GNPs system (90, 45, 22.5 g/mL) at pH 7.4 and pH 6.5 were embedded in agar gel cylinders to create in vitro PA imaging phantoms which were studied in a multispectral optical tomography system (MSOT inVision 128, iThera medical, Germany), and the same concentrations of GNPs-PEG2000 at pH 7.4 and pH 6.5 were used as a control. For in vivo PA imaging, tumor bearing nude mice were intravenous injected with GNPs system and GNPs-PEG2000 (30 mg/kg, n=3). At the predetermined time (0, 1, 3, 6, 12, 24, 48 h) , the mice were first anaesthetized with 3% isoflurane, and ultrasound gel was painted on mice skin of the tumor field. The PA imaging of multiwavelength (690, 715, 730, 760, 800, 815 , and 850 nm) was captured under the same condition with a step size of about 0.3 mm step distance along the long axis of tumors, and the maximum contrast PA signal was obtained when the excitation wavelength was 680 nm, and the oxygenated and deoxygenated hemoglobin signals at excitation wavelengths of 850 nm and 750 nm were deducted, respectively.
[6]
In Vivo Radio-sensitization Evaluation of GNPs system. Luciferase labeled MCF-7 cells were used to build breast tumor bearing mice. Cells were injected subcutaneously into the right rear flank area of BALB/c nude mice (20 g). When the tumor size reached to ~100 mm 3 , the mice were divided into five groups (n=6), including the untreated group (PBS), PBS with volume and body weight were measured every other day during the treatment. On day 20, the MCF-7-luciferase tumor bearing mice of each groups were received i.p. injection of 150 mg of D-luciferin/kg body weight (D-luciferin, firefly, potassium salt, SynChem, Inc.). After ten minutes for anesthetized with 4 % chloral hydratelater, bioluminescent imaging of MCF-7-luciferase tumor was imaged by using KODAK IS in vivo FX system. [7] After sacrificed all the mice, the tumor weight (g) of each groups was recorded. Ultimately, excised tumors of each group were used to pathological analysis, TUNEL assay through the HE staining, tunel staining, which was according to the protocol of the corresponding detection kit and protocol, respectively. [7] 
